4-hydroxynonenal, a lipid peroxidation product, impairs glutamate transport in cortical astrocytes.
Astrocytes possess plasma membrane glutamate transporters that rapidly remove glutamate from the extracellular milieu and thereby prevent excitotoxic injury to neurons. Cellular oxidative stress is increased in neural tissues in a variety of acute and chronic neurodegenerative conditions. Recent findings suggest that oxidative stress increases neuronal vulnerability to excitotoxicity and that membrane lipid peroxidation plays a key role in this process. We now report that 4-hydroxynonenal (HNE), an aldehydic product of membrane lipid peroxidation, impairs glutamate transport in cultured cortical astrocytes. Impairment of glutamate transport occurred within 1-3 h of exposure to HNE; FeSO4, an inducer of membrane lipid peroxidation, also impaired glutamate transport. Vitamin E prevented impairment of glutamate transport induced by FeSO4, but not that induced by HNE, consistent with HNE acting as an effector of lipid peroxidation-induced impairment of glutamate transport. Glutathione, which binds and thereby detoxifies HNE, prevented HNE from impairing glutamate transport. Western blot, immunoprecipitation, and immunocytochemical analyses using an antibody against HNE-protein conjugates provided evidence that HNE covalently binds to many different astrocytic proteins including the glutamate transporter GLT-1. Data further suggest that HNE promotes intermolecular cross-linking of GLT-1 monomers to form dimers. HNE also induced mitochondrial dysfunction and accumulation of peroxides in astrocytes. Impairment of glutamate transport and mitochondrial function occurred with sublethal concentrations of HNE, concentrations known to be generated in cells exposed to various oxidative insults. Collectively, our data suggest that HNE may be an important mediator of oxidative stress-induced impairment of astrocytic glutamate transport and may thereby play a role in promoting neuronal excitotoxicity.